Context. Protostellar jets and outflows are the main outcome of the star formation process, and their analysis can provide us with major clues about the ejection and accretion history of young stellar objects (YSOs). Aims. We aim at deriving the main physical properties of massive jets from near-IR (NIR) observations, comparing them to those of a large sample of jets from low-mass YSOs, and relating them to the main features of their driving sources. Methods. We present a NIR imaging (H 2 and K s ) and low-resolution spectroscopic (0.95-2.50 µm) survey of 18 massive jets towards GLIMPSE extended green objects (EGOs), driven by intermediate-and high-mass YSOs, which have bolometric luminosities (L bol ) between 4×10 2 and 1.3×10 5 L . Results. As in low-mass jets, H 2 is the primary NIR coolant, detected in all the analysed flows, whereas the most important ionic tracer is [Fe ii], detected in half of the sampled jets. Our analysis indicates that the emission lines originate from shocks at high temperatures and densities. No fluorescent emission is detected along the flows, regardless of the source bolometric luminosity. On average, the physical parameters of these massive jets (i.e. visual extinction, temperature, column density, mass, and luminosity) have higher values than those measured in their low-mass counterparts. The morphology of the H 2 flows is varied, mostly depending on the complex, dynamic, and inhomogeneous environment in which these massive jets form and propagate. All flows and jets in our sample are collimated, showing large precession angles. Additionally, the presence of both knots and jets suggests that the ejection process is continuous with burst episodes, as in low-mass YSOs. We compare the flow H 2 luminosity with the source bolometric luminosity confirming the tight correlation between these two quantities. Five sources, however, display a lower L H 2 /L bol efficiency, which might be related to YSO evolution. Most important, the inferred L H 2 vs. L bol relationship agrees well with the correlation between the momentum flux of the CO outflows and the bolometric luminosities of high-mass YSOs indicating that outflows from high-mass YSOs are momentum driven, as are their low-mass counterparts. We also derive a less stringent correlation between the inferred mass of the H 2 flows and L bol of the YSOs, indicating that the mass of the flow depends on the driving source mass. Conclusions. By comparing the physical properties of jets in the NIR, a continuity from low-to high-mass jets is identified. Massive jets appear as a scaled-up version of their low-mass counterparts in terms of their physical parameters and origin. Nevertheless, there are consistent differences such as a more variegated morphology and, on average, stronger shock conditions, which are likely due to the different environment in which high-mass stars form.
Introduction
Protostellar jets and outflows are a main outcome of the star formation process from young brown dwarfs to high-mass YSOs (see e.g. Whelan et al. 2005; Arce et al. 2007; Ray et al. 2007; Tan et al. 2014) , and are observed over a wide wavelength range (from X-rays to the radio; e.g. Frank et al. 2014) . These energetic phenomena play a critical role in removing a large fraction of the angular momentum from a contracting, rotating Send offprint requests to: A. Caratti o Garatti, e-mail: acaratti@mpifr-bonn.mpg.de Based on observations collected at the European Southern Observatory La Silla, Chile, 080.C-0573(A), 083.C-0846 (A) core with a magnetised disc, which collimates and accelerates the flow (e.g. Konigl & Pudritz 2000; Pudritz et al. 2007; Tan et al. 2014) . Therefore, they are often used as an indirect tracer of accretion, providing us with fundamental clues about the accretion processes and the accretion history of young stellar objects (e.g. Arce et al. 2007; Bally 2007) . They become particularly important in the case of embedded YSOs, in which the accretion process cannot be directly observed.
In this context, bipolar jets trace the ejecta at scales of a few AUs to parsecs from the driving source, and they are referred to as the primary outflows or jets. Jets, in turn, accelerate entrained gas of the ambient medium to supersonic velocities, producing large-scale (tenths to a few parsecs) molecular outflows or secArticle number, page 1 of 37page.37
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A&A proofs: manuscript no. Massive_Jets_paper_astroph ondary outflows. In this respect, jets are directly related to the physical processes taking place close to the driving source (e.g. mass loss, mass accretion, etc.). Protostellar jets produce shocks that can be mainly studied at optical and IR wavelengths, where the brightest ionic (e.g. [O i] , [S ii], Hα, [Fe ii]) and molecular (e.g. H 2 ) jet tracers occur (e.g. Reipurth & Bally 2001 ).
In the case of jets from high-mass YSOs (HMYSOs 1 ; M * >8 M , i.e. L bol ≥5×10 3 L ), such observations are strongly limited by large distances (several kpc) and very high visual extinction (A V up to 100 mag). This makes the detection of highmass protostellar jets extremely challenging and our knowledge is still limited.
Indeed massive outflows are mostly studied through molecular outflow tracers (e.g. SiO, CO, HCO + , and their isotopologues) at submillimetre (submm) and millimetre (mm) wavelengths (Beuther et al. 2002; Wu et al. 2004; López-Sepulcre et al. 2009 Duarte-Cabral et al. 2013 ). These surveys provide us with tight correlations between the main parameters of the outflows (e.g. power, force, and mass-loss rate) and important source parameters, such as the bolometric luminosity or the envelope mass (M env ), over a large range of L bol values up to ∼10 6 L . These fundamental studies are, however, mostly limited to the analysis of the secondary outflow at relatively low spatial resolution, whereas there are just a few interferometric studies of single sources that allow us to trace the molecular outflow and the driving source at (sub)arcsecond resolution (see e.g. Beuther et al. 2004; Leurini et al. 2013; Sanna et al. 2014; Tan et al. 2014) .
So far, the number of studies of the primary outflow component in HMYSOs are rare and committed to single objects or regions (see e.g. Marti et al. 1993; Davis et al. 2004; Puga et al. 2005; Gredel 2006; Caratti o Garatti et al. 2008; Martín-Hernández et al. 2008 ). This prevents us from properly comparing the ejection properties of these objects with those of their low-mass counterparts. Recent NIR surveys in H 2 at 2.12 µm have dramatically boosted the number of candidate massive jets from a few to a few hundreds (e.g. Stecklum et al. 2009; Varricatt et al. 2010; Lee et al. 2012 Lee et al. , 2013 , providing us with a large sample to be studied in detail. With the aim of deriving the main physical properties of massive jets and comparing them with their low-mass counterparts, we have undertaken a NIR imaging (H 2 and continuum emission) and spectroscopic survey (0.95-2.5 µm) of a flux-limited sample of jets from massive YSOs presented in Stecklum et al. (2009) 
This paper is organised as follows. In Section 2 we present the selected sample along with the adopted selection criteria. In Section 3 we report our observations, data reduction, and the ancillary data collected from the literature and public surveys. Section 4 describes the results obtained from our imaging and spectroscopy. A general description of the physical properties of both molecular and ionic components of the flows is provided. Individual flows are discussed in the Appendix (see Sect. B). Our discussion in Sect. 5 focuses on the physical processes that produce such flows (Sect. 5.1), their morphology (Sect. 5.2), their relation to the driving sources (Sect. 5.3), and comparison with low-mass flows (Sect. 5.4). Finally, our conclusions are presented in Section 6.
Sample selection criteria
The Spitzer GLIMPSE and GLIMPSE II surveys (Benjamin et al. 2003; Churchwell et al. 2009 ) have become an important tool to identify HMYSOs. Based on these surveys, Cyganowski et al. (2008) and Chen et al. (2013) selected objects with excess emission in the IRAC band 2 images at 4.5 µm (called extended green objects or EGOs due to the common colour-coding of the 4.5 µm band as green in three-colour composite IRAC images at 3.6, 4.5, and 8 µm). Although their exact nature is still under debate (shocked emission in outflows, fluorescent emission or scattered continuum from HMYSOs; see e.g. Noriega-Crespo et al. 2004; De Buizer & Vacca 2010; Takami et al. 2012) , EGOs seem to be mostly related to massive YSOs.
We first selected ∼160 massive outflow candidates by scrutinising the GLIMPSE and GLIMPSE II surveys (Stecklum et al. 2009 ). All targets show EGO emission and only half of them are reported in the EGO catalogues of Cyganowski et al. (2008) and Chen et al. (2013) . About two thirds of the outflow candidates are associated with CH 3 OH and/or H 2 O masers, which are typical signposts of very young and luminous objects (e.g. Minier et al. 2003) . Additionally, all associated candidate driving sources show emission at 24 and 70 µm in the Spitzer MIPS images, and many of them are associated with OH masers (from Caswell 1998), typically coincident with ultra-compact H ii (UCH ii) regions or HMYSOs. Our subsequent H 2 (2.12 µm) survey with SofI/NTT confirmed the presence of flows and H 2 emission in about half of our outflow candidates (Stecklum et al. 2009 ). Each candidate driving source was identified and selected in the Spitzer IRAC/MIPS images on the basis of its colour as well as its location with respect to the outflow lobes. The coordinates of the YSO candidate were then checked in both 2MASS and Herschel images to identify its NIR (when visible) and FIR counterparts.
The selection criteria of our spectroscopic sample are therefore based on: a) clear association of the H 2 jets/flows with EGOs; b) jets and flows driven by intermediate-or highmass YSOs (L bol ∼10 2 -10 5 L ); c) a jet surface brightness ≥10 −15 erg s −1 cm −2 arcsec −2 in the H 2 continuum-subtracted images, i.e. bright enough to perform low resolution NIR spectroscopy with SofI/NTT.
The investigated sample of H 2 jets from intermediate-and high-mass YSOs is presented in Table 1 , which reports for each object: the name of the putative driving source, the flow association with MHOs (Molecular Hydrogen Emission-Line Object, see Davis et al. 2010) and with EGOs in the Cyganowski et al. (2008) catalogue, the driving source coordinates, its bolometric luminosity, and distance. When available, L bol and distances were retrieved from the literature, as indicated in Table 1 . For five sources L bol values were uncertain or unknown. We, therefore, estimated their L bol using the photometric data available for these sources (see Sect. 4.2) . L bol values in our sample range from 4×10 2 to 1.3×10 5 L (see Column 6 of Table 1 and Sect. 4.2), therefore the corresponding zero-age main-sequence (ZAMS) spectral type ranges between B9 and O7. Accordingly, our targets are intermediate-and high-mass YSOs. Two of them, namely BGPS G014.849-00.992 and GLIMPSE G035.0393-00.4735, are definitively intermediate-mass YSOs (see Appendix B.12 and B.13, respectively) , whereas IRAS15394-5358 and IRAS16122-5047 are on the edge of HMYSO classification (see Appendix B.8 and B.10, respectively) .
As reported in the table, a few unresolved sources drive more than one jet, indicating the presence of a multiple system. In References.
(1) Lumsden et al. (2013) ; (2) this case the reported bolometric luminosity refers to the whole system.
Observations and data reduction
Our observational database on intermediate-and high-mass jets is composed of: i) ESO/NTT H 2 (2.12 µm) and K s images of the jets; ii) low-resolution NIR spectra of the jets from ESO/NTT (to infer the physical properties of the jets); iii) archival photometric data of their putative driving sources, covering a spectral range from 1 µm to 1.1 mm, for the analysis of their spectral energy distribution (SED).
Imaging
Our images are part of a larger H 2 survey of massive jets (see Stecklum et al. 2009 ). They were collected at the ESO New Technology Telescope (NTT) with the infrared spectrograph and imaging camera SofI (Moorwood et al. 1998b ) with a plate scale of 0.288 /pix, which provides a 4.9 ×4.9 field of view (FoV). We used a narrow-band filter centred on the H 2 line at 2.12 µm to detect molecular emission along the flow. The observations were obtained by dithering (20 -40 ) the telescope to five positions around the target. For the faintest targets two or more dithering cycles were adopted. The single frames were then combined in a final mosaic, whose total exposure time ranges from 1500 to 3600 s. To remove the continuum emission and detect the H 2 line emission, complementary K s broad-band images were gathered, adopting the same observational strategy, but with detector integration time (DIT) values ten times shorter than those of the narrow band filter. Standard dome flat-fields were acquired in both filters. H 2 and continuum images were taken from archival data already published in the literature for two objects, namely IRAS16547-4247 (from Brooks et al. 2003) and GLIMPSE G035.0393-00.4735 (from Lee et al. 2012) . For the first object, the data were taken with the infrared imager and spectrograph ISAAC (Moorwood et al. 1998a ) at the ESO Very Large Telescope (VLT) adopting an H 2 narrow-band filter and a narrowband off line continuum filter K c to remove the continuum from the H 2 mosaic. For the second target, H 2 and K archival data were taken with WFCAM (Casali et al. 2007 ) at the UK Infrared Telescope (UKIRT). The details of our imaging observations are provided in Table 2 (Columns 2-4).
The data reduction was done using standard IRAF 2 packages, applying standard procedures for sky subtraction, flat-fielding, bad pixel and cosmic ray removal, and image-mosaicking. H 2 and K s images of standard stars were acquired to flux calibrate our data. We used K-band stars from the Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006) for the astrometric calibration of all the images.
Spectroscopy
The NIR low-resolution spectroscopy (R ∼600, slit width 1 ) was acquired with Sofi/NTT during one run (between the 4th and the 8th of June 2009), using two different grisms (blue, 0.95-1.64 µm, and red, 1.53-2.52 µm) along the NIR spectrum. Each target was observed with the red, or red and blue grisms, with the slit oriented at one or more position angles (P.A.), to encompass the entire H 2 jet, as well as the driving source. Detailed values are reported in Table 2 . The two slits on NAME G 35.2N (hereafter G 35.2N) as well as one slit on IRAS13481-6124 (with P.A.=140.7
• ) are the only observations that were performed with both blue and red grisms. To perform our spectroscopic measurements, we adopted the usual ABB A configuration, with a total integration time of 1200 s for the red grism and 1800 s for the blue grism. Additional observations of telluric and photometric standard stars were performed to correct for atmospheric and instrumental effects, and to ensure flux calibration.
The data reduction was done using standard IRAF tasks. Each observation was flat fielded, sky subtracted and corrected for the distortion caused by long-slit spectroscopy. The atmospheric response was corrected by dividing each spectrum by a telluric standard star, normalised to the blackbody function at the stellar temperature and corrected for any absorption feature intrinsic to the star.
Additional photometry from literature and archival data
In the context of our investigation, no information is available for five YSOs of our sample (namely G316.762-00.012, Caswell OH 322.158+00.636, IRAS16122-5047, BGPS G014.849-A&A proofs: manuscript no. Massive_Jets_paper_astroph (Egan et al. 2003) , Hi-GAl data (Molinari et al. 2010 ) from the Herschel data archive, the ATLASGAL survey (Csengeri et al. 2014) , and the Bolocam Galactic Plane Survey II (Rosolowsky et al. 2010 ). We used Herschel PACS (70 µm and 160 µm) and SPIRE (250 µm, 350 µm, and 500 µm) data, from the bulk reprocessing with SPRG11.1.0, which provided the correct flux calibration for both PACS and SPIRE data. Flux densities were estimated by performing aperture photometry on source. Apertures were set as twice the instrumental full width half maximum (FWHM) at each selected wavelength: 5 . 7 at 70 µm, 12 at 160 µm, 18 at 250 µm, 25 at 250 µm, and 36 at 500 µm. For the flux calculation, we also subtracted a mean value of the background emission. This latter was estimated by measuring the average background emission around each object, avoiding regions contaminated by nearby sources.
Results

H 2 imaging
As an example of the complex and different flow morphologies observed in our sample, Figures 1-3 present three different examples: a) the IRAS 13484-6124 flow with small precession angle (8
• ) and asymmetric lobes (Fig. 1) ; b) the IRAS14212-6131 flow with large precession angle (32 • ) and single lobe (Fig. 2) ; c) the G 35.2N flows, one of the best examples of binary precessing jets in the sample (Fig. 3) .
Left and right panels in the figures show the H 2 and continuum-subtracted H 2 images of the targets, respectively. The positions of the sources, detected knots, known masers, EGOs as well as H ii (HC-, UC-or H ii) regions reported by SIMBAD are also labelled in the figures. The images of the remaining jets and a detailed description of the morphology of each object, including the aforementioned targets, are given in Sections B.1-B.14 in the Appendix.
Because we do not have any kinematic information on the observed knots, our criterion to associate the H 2 emission with a particular source relies entirely on the observed morphology. More precisely, our main criteria are: a) the presence of bow shocks indicating the position of the driving source; b) the collimation of jets and knots along the flow with respect to the position of the driving source; c) the measured precession angle not exceeding values of 90
• .
In this paper, we define the current jet position angle (or jet position angle) as the angular offset between the knot closest to the source and the driving source itself (counterclockwise, north to east). In principle, these knots represent the most recent ejecta, therefore they provide the current P.A. of the jet. It is also worth noting that throughout the paper the term precession angle refers to the overall opening angle of the flow, estimated by considering the position of the driving source and the peak positions of the two most external knots at each side of the jet axis (see dashed lines in Figure 2 , right panel). Strictly speaking, the definition of precession angle should only be applied to wiggling jets, but in some cases we observe jet bending and precession (see e.g. Figure B.11), jet bending alone (see e.g. Figure B .9) or even more complex morphologies. Indeed, in a few objects, the apparent precession might be just a visual effect due to multiple flows.
Often two or more flows are recognised in the observed area, and, in four out of fourteen sources (IRAS12405-6219, IRAS15394-5358, IRAS16122-5047 and G 35.2N; Appendix B.2, B.8, B.10, and B.14), two jets driven by the same source are detected. Although the sources are not spatially resolved, the detection of two jets indicates the presence of a binary or multiple system, as often observed in massive star forming regions (see e.g. Kumar et al. 2002; Zinnecker & Yorke 2007; Varricatt et al. 2010) . Therefore, the total number of analysed flows in this paper is eighteen.
The H 2 flows recognised in our sample typically display large precession angles, up to ∼60
• (see e.g. Fig. 2 and Fig. B.11 ), much larger than those observed in low-mass jets, which are usually well collimated or with small precession angles <10
• (see e.g. Caratti o Garatti et al. 2006; Arce et al. 2007 ). In our sample only four out of eighteen flows have precession angles smaller than 10
• (see Column 2 of Table 3 ; see e.g. Fig. 1  and Fig. B.4) . On the other hand, the jet projected lengths on the sky (Column 3 of Table 3 ) range from one tenth up to seven parsecs, which are values typically observed also in low-mass flows (e.g. in HH 34 or HH 111; see e.g. Bally & Devine 1997 , and references therein). H 2 bipolar flows are detected in eleven out of the eighteen analysed jets (the number of lobes detected are given in brackets in Column 3 of Table 3 ). Seven flows show emission (above a 3σ threshold) only from one lobe, as also observed in other surveys of jets from intermediate-and high-mass YSOs (see Kumar et al. 2002; Varricatt et al. 2010) . This is probably due to the high extinction towards the sources. Therefore the undetected lobes are more likely the red-shifted ones, where a higher A V value is expected. In two out of seven of these targets (i.e. IRAS14212-6131 and GLIMPSE G035.0393-00.4735) there is a marginal detection (below 3σ) of the second lobe (see also Fig. 2 and B.14, and discussion in Appendix B.5 and B.13).
It is worth noting that the majority of the jets is not easily detectable without subtracting the continuum emission from the narrow band images. Firstly, the extended and bright scattered emission originating from nearby sources or by the driving source itself may conceal the emission from the jets. Secondly, the observed YSOs are located at low galactic latitudes (i.e. in highly crowded fields), and at large distances (i.e. the angular extent of the observed H 2 knots is often comparable with the measured seeing in our images, ∼1 ). Moreover, the morphology of these flows is generally more complex than that of lowmass counterparts, because of their large precession angles, and, in some cases, the asymmetric geometry of the two lobes, or the non-detection of one of the lobes.
The jet driven by IRAS 13484-6124 ( Figure 1 , see also Appendix B.3) is a clear example of a highly collimated bipolar jet in our sample (precession angle ∼8
• ). Despite its collimation, the jet is asymmetric, namely the red-lobe is about 1.3 times more extended than the blue lobe. A possible explanation might be that the density of the interstellar medium in the blue lobe (SW of the source) is higher than in the red lobe. As a consequence, blueshifted knots would have a lower velocity than the red-shifted ones (see also discussion in Sect. 5.2). Figure 2 provides an example of a highly precessing flow with a single lobe. Bright continuum emission (see left panel), depicting the outflow cavity, is detected close to the driving source (G313.7654-00.8620; see also Appendix B.5), along with a more extended continuum, produced by a bright young star (2MASS J14245631-6144472), at about 39 WNW from the source position. After subtracting the continuum (Fig. 2, right) , one of the two precessing lobes (knots 1-4, likely the blueshifted lobe, precession angle ∼32
• ) of G313.7654-00.8620 is detected westwards of the source position. The second lobe is not clearly detected, likely because of the high extinction towards the target. More H 2 emission, namely Knot 5, is detected towards WSW, likely driven by another YSO (i.e. 2MASS J14245547-6145227; see details in Appendix B.5) marked in Fig. 2 .
As illustrated in Figure 3 , the presence of multiple jets in the same region may also confuse the morphology of the flows. The observed H 2 emission was originally recognised as an hourglass shape with a large opening angle of ∼40
• (Lee et al. 2012) , interpreted as the outflow cavities of G 35.2N. On the basis of our H 2 imaging and NIR spectroscopic analysis as well as additional data from the literature, we conclude that this emission belongs to two distinct precessing jets (see Appendix B.14), likely driven by two different HMYSOs, as also suggested by ALMA interferometric observations (see Sánchez-Monge et al. 2013 ).
SEDs of the driving sources
From the literature we retrieved estimated distances, SEDs and bolometric luminosities for the majority of the driving sources in our sample (see Table 1 ). In five cases, namely G316.762-00.012, Caswell OH 322.158+00.636, IRAS16122-5047, BGPS G014.849-00.992 and GLIMPSE G035.0393-00.4735, we construct the SEDs from the collected photometry to estimate the bolometric luminosity of each source, under the assumption that a single object dominates the luminosity of each region. The tables listing the available photometry are presented in the Appendix (see Sect. B). In each table, we report wavelengths, fluxes and uncertainties as retrieved from the catalogues. No colour correction has been applied to the data. For each object, we assume the distance reported in Table 1 and then derive its bolometric luminosity by fitting the observed SED with the radiative transfer model developed by Robitaille et al. (2007) (see e.g. Figure 4 ). The model assumes a YSO with a circumstellar disc, embedded in an infalling flattened envelope with outflow cavities. The on-line tool gives the best fit from a large collection of pre-computed model SEDs. The fit provides robust estimates of the SED integrated quantities, such as the bolometric luminosity. Along with the photometric dataset, the employment of this tool requires a range of values for the distance and the foreground extinction. For the distance, we adopted the values given in Ta- .636 constructed with all photometric data available from the literature, namely from 3.6 µm to 870 µm, and by assuming a distance of 4.2 kpc to the source . The SED was fitted with the radiative transfer model developed by Robitaille et al. (2007) . The fitting tool is available at http://caravan.astro.wisc.edu/protostars/. The solid black line indicates the best-fitting model. ble 1. For the foreground extinction, we assumed the range of A V values measured along each flow (Table 3 ).
An example of our SED analysis is presented in Figure 4 . The solid black line in Fig. 4 indicates the best-fitting model for Caswell OH 322.158+00.636. Our analysis provides us with an L bol value of ∼1.3×10 5 L , roughly corresponding to an O7 ZAMS star of ∼30 M . This is the most luminous and massive object in our sample; a detailed description of this source is given in Appendix B.7. The results of the SED analysis and the figures of the four remaining SEDs are given in Appendix B.
Spectroscopy
In Tables B.1-B.19 (see Appendix, Sect. B), we report, for each target, the fluxes (uncorrected for the extinction) of the identified lines together with their vacuum wavelengths. The line fluxes were obtained by fitting the profile with one, or two Gaussians in case of blending. The associated errors are derived from the RMS of the local baseline multiplied by the line-widths. These are typically unresolved and therefore comparable with the instrumental profile width. Lines showing fluxes with a signal-tonoise ratio (S/N) between 2 and 3, as well as those blended, have been labelled. Additional uncertainties in the fluxes are derived from the absolute calibration (≈ 10%).
The spectra of the jets are characterised by emission lines from molecular, i.e. H 2 , and atomic species, mostly [Fe ii]. These NIR lines have usually a shock origin and are always observed in protostellar jets (from both low-and high-mass YSOs; Caratti o Garatti et al. 2006 Garatti et al. , 2008 , tracing the jet axis. Usually H 2 or [Fe ii] lines trace different shock conditions, namely nondissociative or dissociative shocks. The H 2 lines are detected in all the observed knots, and they originate from different upper vibrational levels, namely from v=1 to v=3. As expected, the most prominent features are the 1-0 S (1) detected (2<S/N<3). This suggests that the flows are highly reddened.
[Fe ii] features are detected in 50% of the flows and in about 30% of the observed knots (20 out of 65), all showing the bright transition at 1.644 µm. In some cases (7 out of 20 knots), other fainter lines in the H band, such as the 1.534, 1.600, 1.664, 1.677 µm lines, are observed. The 1.257 µm [Fe ii] line is detected along the blue-shifted lobe of flow I in G 35.2N (see Fig. 3 ), where also the [C i] doublet at ∼0.98 µm is observed (knots 4 and 5). This line typically traces the neutral gas beyond the ionisation front (Hollenbach & McKee 1989) , and it has often been detected in shocks in association with [Fe ii] emission . Notably, we additionally detect two 2P→4P [Fe ii] lines in the K band spectral segment of the IRAS14212-6131 source. These lines have seldom been observed close to the jet driving sources in the case of low-mass YSOs (Takami et al. 2006; Garcia Lopez et al. 2008) . They have excitation energies higher than for those in the H band (26 000 vs. 11 000 K), and they are produced in highly dense and excited shocked regions, therefore they can be used to investigate the jet/wind-launching regions.
The detection of Brγ emission in a few knots (namely knot 4 in IRAS14212-6131, knots 4 and 5 in G 35.2N, and knot 1 in IRAS13484-6100; Appendix B.5, B.14, and B.4, respectively) is also noteworthy. The location of these knots is not associated with the position of any HMYSO. In addition, these features are not spatially extended, therefore they are likely produced by shocks rather than emitted by H ii regions (e.g. Garcia Lopez et al. 2008 , see also discussion in Sect. 5.1).
Our slits also encompass the positions of thirteen out of fourteen driving sources (all targets but Caswell OH 322.158+00.636). In most of the cases, the faint NIR continuum from the source comes from emission reflected by the outflow cavities or by the circumstellar material. In twelve out of thirteen targets (all but IRAS16547-4247, whose continuum is not detected in our spectra), the spectra show steeply rising continua, indicative of highly reddened sources. In most of the cases (10 out of 13) the YSOs have also emission lines. In just one case, i.e. IRAS 15394-5358, we detect H i photospheric lines in absorption. The absence of photospheric lines in the other objects is due to the strong veiling. The most prominent emission lines come from shocks along the jet, i.e. H 2 (detected in 10 targets) and [Fe ii] (6 out of 10 targets) (see e.g. Nisini et al. 2002; Caratti o Garatti et al. 2006) , YSO accretion or inner winds, i.e. H i (6 out of 10 targets) (see e.g. Muzerolle et al. 1998; Natta et al. 2004; Caratti o Garatti et al. 2012) , or inner disc region, namely Na i and CO (detected in 2 targets) (see e.g. Ilee et al. 2013 ). These lines are typically observed in HMYSOs (see e.g. Cooper et al. 2013) . Notably, the only fluorescent line, the Fe ii feature at 1.688 µm, pumped by the Ly α line (Lumsden et al. 2012; Caratti o Garatti et al. 2013 ) and frequently detected in the NIR spectra of HMYSOs (26% of detection rate in Cooper et al. 2013) , is observed only in IRAS13481-6124 (see Table B .3), clearly one of the least reddened and most evolved HMYSO in our sample. This evidence, along with the high detection rate of jet line tracers on source, may indicate that, on average, our targets are less evolved than those presented by Cooper et al. (2013) .
For the sake of simplicity, we gathered the observed spectra in three groups: 1) spectra of knots with both ionic and H 2 emission; 2) spectra of knots with only H 2 emission; 3) YSO spectra. These groups are summarised in Figure 5 , 6, and 7, respectively. Figure 5 shows the combined spectrum (0.95-2.5 µm) of knots 4 and 5 along the flow I of G 35.2N, positioned NE with respect to the driving source (see also Fig. 3 ). The spectrum displays several H 2 and [Fe ii] lines, labelled in red and blue, respectively, as well as faint emission from [C i] and H i, in black. Figure 6 displays the spectrum (1.5-2.5 µm) of knot C in the IRAS16122-5047 flow (see also Fig. B.9 ). The spectrum shows only H 2 emission, labelled in red. Finally, Figure 7 gives an example of our YSO spectra, namely the 1.5-2.5 µm SofI spectrum of G 35.2N, which partially includes emission from Knot 2, positioned ∼1.5 NE from the source. Indeed, in some cases, due to the seeing, it is not possible to disentangle the emission of nearby knots from the YSOs spectra. These cases are labelled "YSO + knot name" in our tables (see Appendix B).
Jet physical parameters from the H 2 analysis
The analysis of both H 2 and [Fe ii] lines detected in our spectra provides quantitative information about the reddening towards the emitting regions and the excitation conditions along the jets. In particular, for each knot, we construct H 2 ro-vibrational di-A&A proofs: manuscript no. Massive_Jets_paper_astroph agrams (Boltzmann plots) to derive column density, visual extinction, and temperature of the gas. To achieve it, we apply the same technique as in our previous papers on protostellar jets (see e.g. Caratti o Garatti et al. 2006 Garatti et al. , 2008 .
An example of the ro-vibrational diagram for one of the observed spectra (Knot C in the IRAS16122-5047 flow) is presented in Figure 8 (see also the spectrum in If the gas is close to the local thermal equilibrium (LTE), then the H 2 population follows the Boltzmann distribution i.e. N v,J /g v,J ∝ exp(−E j /kT ex ). Data points in the diagram are therefore distributed on a straight line, and an estimate of the gas excitation temperature (T ex ) and the average gas column density (N(H 2 )) can be derived by fitting the data. This is the case observed in the majority of the ro-vibrational diagrams of our spectra, where lines with excitation energies lower than 15 000-16 000 K are detected. These are transitions originating from the vibrational levels v=1 and v=2, usually detected in the H and K bands. In this case a single temperature, typically between 2000 and 3000 K, can account for the observed excitation diagrams.
On the other hand, there is not much evidence of temperature stratification in our sample. Namely, only four out of 65 knots show transitions v ≥3, i.e. with excitation energies higher than 16 000 K. These high vibrational states are sensitive to higher temperatures, typically between ∼3000 and ∼4000 K (see e.g. Giannini et al. 2002 Giannini et al. , 2004 . Unfortunately, many of these bright transitions are located in the J band and cannot be detected in highly reddened objects as in our sample (A V >5-10 mag). Therefore, for these four knots, we have to rely on the faint v=3 transitions in the K band. Here, two different temperatures are derived by fitting the v=1, and v=2 plus v=3 vibrational states. Additionally, a single fit through all the lines is obtained, giving a measurement of the average temperature, which is then reported in our Tables.
An optimal value of the visual extinction (A V ) can be inferred by varying the extinction values and maximizing the goodness of each fit. To deredden the observed line fluxes, we adopt the standard reddening law from Rieke & Lebofsky (1985) . Because the random scatter of data points about the fit is mainly due to extinction, by varying the extinction values and maximising the goodness of each fit, an optimal A V value can be inferred. This method is typically adopted when several lines from the same vibrational level are detected, and, in general, it is more reliable than using the 1-0 S(i)/1-0 Q(i+2) ratios, because the 1-0 Q(i) transitions lie in a region of the K-band (2.4-2.6 µm) with poor atmospheric transmission (Davis et al. 2004; Giannini et al. 2004; Caratti o Garatti et al. 2006 ).
In columns 4, 5, and 6 of Table 3 we report the range of average temperatures, column densities, and visual extinctions derived in each flow of the sample. The values computed for each individual knot are reported in the Appendix A (Table A.1) . Measured temperatures range from 1500 to 3300 K, with typical values around 2400-2500 K. The measured visual extinction values spread from 1 to 50 mag, with an average value around 15 mag. Column density values from this warm component range from 10 17 to 10 20 cm −2 , with an average value of ∼8×10 18 cm −2 . Notably, the values of these physical parameters are, on average, much higher than those measured in low-mass jets (see e.g. Caratti o Garatti et al. 2006) .
Finally, the analysis of all the ro-vibrational diagrams suggests that the H 2 emission from the observed knots is fully thermalised, i.e. it has a shock-heated origin, independently of the L bol of the YSO. Indeed, fluorescence does not seem to be responsible for the detected emission along the flows, as suggested by the absence of high vibrational states transitions (namely, v≥6) and the large values of the 1-0 S(1)/2-1 S(1) and 1-0 S(1)/3-2 S(3) dereddened ratios (≥10 and ≥100, respectively; see e.g. Takami et al. 2000; Davis et al. 2004 ; Caratti o Table B. 3). Stecklum et al. (2012) report H 2 fluorescent emission in the immediate surroundings of this source (within ∼5 ), but beyond a few arcseconds from the source, the H 2 emission along the jet is strictly thermalised, as also detected in our SofI spectra, indicating that the circumstellar material around the source screens its FUV emission. The lack of fluorescent emission along massive jets was already noted in a few previous papers, which analysed NIR spectra from individual jets (see, Davis et al. 2004; Gredel 2006; Caratti o Garatti et al. 2008) . Nevertheless, this is the first time that such analysis is conducted on a large sample of intermediate-and high-mass jets.
Jet H 2 luminosities and masses
Our previous analysis allows us to estimate the H 2 luminosity (L H 2 ) from the HMYSO jets. Given the large number of H 2 emission lines in our NIR spectra, we expect that L H 2 represents a significant fraction of the overall energy radiated away during the gas cooling in these jets. Previous studies indicate that this is the primary coolant in protostellar jets at NIR wavelengths (see also Caratti o Garatti et al. 2006 .
To derive L H 2 , we follow the same method as in Caratti o Garatti et al. (2006) . First, from our H 2 images we identify and associate each knot with its driving source (see Sect. 4.1 and Sect. B). Second, the emitting area and flux of each knot are then evaluated by performing photometry on the flux calibrated continuum-subtracted H 2 image. Aperture photometry is achieved with the task polyphot in IRAF, after defining each region within a 3σ contour level above the sky background. Identified knots along with their coordinates, 2.12 µm fluxes, uncertainties, and projected areas in the sky, are reported in the Appendix (Columns 1-6 of Table A.1). Third, the A V (H 2 ) and T (H 2 ) values derived from our spectroscopy (Sect. 4.3.1 and Table A.1) are then used to deredden the 2.12 µm line flux and to derive the intensities of all H 2 lines by applying a radiative code with gas in LTE (see details in Caratti o Garatti et al. 2006 Garatti et al. , 2008 .
For those knots associated with a particular flow but not encompassed by any slit, we adopt an average value of the physical parameters derived from the flow knots. Then, for each considered knot, our LTE code provides: a) the line intensities involving levels with 0 ≤ v ≤ 14 and 0 ≤ J ≤ 29 (E v,J ≤ 50 000 K); b) the total H 2 intensity; and c) the H 2 luminosity by assuming the distance to the source provided in Table 1 . This process is repeated for all the knots associated with each flow, to estimate L H 2 of the flow. L H 2 values are reported in Column 7 of Table 3 . The inferred values range from 0.5 to 45 L . This roughly reflects the large L bol range in our sample. It is worth noting, however, that the inferred L H 2 values might be lower limits of the real values, because our estimate does not take into account part of the emission from the cold H 2 component, traced by the pure rotational lines in the mid-IR (Caratti o Garatti et al. 2008) , that usually have temperatures lower and column densities higher than its NIR counterpart. Moreover, in some cases, we do not detect any emission from one lobe, likely due to the high extinction. The final step of our H 2 analysis consists in deriving a rough estimate of the mass of the H 2 emitting region, by assuming M k = 2µm H N(H 2 ) k A k , where µ is the average atomic weight, m H is the proton mass, N(H 2 ) k is the H 2 column density, and A k is the area of each given knot (k). The mass of the H 2 emitting regions estimated for the knots detected in our images are given in the Appendix A (Column 10 of Table A.1), and range from 0.01 to 3.7 M . As for the L H 2 values, we note that these estimates are derived from the warm H 2 component, which has a column density lower than the cold H 2 component (Caratti o Garatti et al. 2008 ).
Jet physical parameters from the [Fe ii] analysis
For a few knots (5 out of 65), where several [Fe ii] lines (with S /N ≥3) have been observed, A V and the electron density (n e ) can also be inferred (see e.g. Nisini et al. 2002) . To estimate A V (knots 3 and 4-5 of G 35.2N), we use the 1.257 and 1.644 µm lines, that originate from the same upper level. Their observed ratios depend only on the differential extinction. Their theoretical intensities are derived from the frequencies and Einstein coefficients of the transitions, taken from Nussbaumer & Storey (1988) . As for the H 2 analysis, we adopt the Rieke & Lebofsky (1985) extinction law to correct for the differential extinction and compute A V . The values derived from the [Fe ii] and H 2 lines agree within the uncertainties (see Table 4 and A.1).
To infer the electron density, we use four different line ratios from the brightest transitions in the H band, which are sensitive to density variations, namely 1.644 µm/1.533 µm, 1.644 µm/1.600 µm, 1.644 µm/1.677 µm Takami et al. 2006; Caratti o Garatti et al. 2013) . For each ratio an estimate of n e is derived and a weighted mean of the various estimates is reported in Column 3 of Table 4 .
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Discussion
First of all, it is worth noting that our sample is composed of YSOs, whose L bol represent late B to late O ZAMS spectral types, with theoretical stellar masses (M * ) ranging from ∼6 M to 25-30 M . As described in Sect. 2, these targets were selected on the basis of EGO and H 2 emissions, detected in previous surveys. Therefore our sample is biased towards intermediate and high-mass YSOs with bright jets and flows, and it should not be considered representative of all intermediate and high-mass YSOs.
5.1. The shocked nature of the massive H 2 jets
Our spectroscopic survey provides an answer to the important question about the nature of the H 2 emission from HMYSOs. In the sample analysed, the H 2 emission clearly originates from shocks at high temperatures (2500-3000 K) and with high column densities (10 18 -10 20 cm −2 ), as suggested by our rovibrational analysis (see e.g. Fig. 8 ). Our spectroscopic analysis indicates that H 2 is the major coolant of these flows at NIR wavelengths. Most of such emission, 70% of the analysed knots, is likely produced by non-dissociative C-type shocks, because of the high medium density and because no ionic emission is detected (Draine 1980; Giannini et al. 2004 On the other hand, 30% of the knots show both atomic and molecular emissions, indicating the presence of J-type dissociative shocks (see Hollenbach & McKee 1989; Gredel 1994; Nisini et al. 2002) . Remarkably, the majority of these knots originate from the most luminous (and likely most powerful) YSOs in our sample. In this case, fast shocks dissociate the molecules and destroy the grains along the flow, ionising the medium and producing the observed [Fe ii] emission. Besides, the observed H 2 emission in these knots arises from oblique shocks, where the shock velocities are lower (e.g. wings of the bow-shocks, as in the red-lobe bow-shocks A and B of IRAS 13481-6124), or from reverse shocks, where the molecules are re-forming in the cooling post-shock regions behind the dissociative shocks (see e.g. Hollenbach & McKee 1989; Nisini et al. 2002; McCoey et al. 2004) . Although atomic and molecular emissions are physically detached, in most of our spectral images both emitting regions are spatially coincident, because of the SofI low spatial resolution and because of the large distances involved.
Additionally, in three out of 65 knots, namely Knot 1 in IRAS 13484-6100, Knots 4+5 in G35.2N, and Knot 4 in IRAS 14212-6131 (see Table B .4, B.19, and B.5, respectively), Brγ emission is also detected. Such emission is not associated with any YSO, as in other emanations, and it is rarely detected in knots (e.g. Garcia Lopez et al. 2008) . It may arise from photoionisation (Takami et al. 2000) or from the most extreme shock conditions, as in strong J-type shocks, with high shock velocities (v s ≥60 km s −1 ) and high pre-shock densities (n H ≥10 5 cm −3 ), which form a UV precursor that dissociate or ionise the preshocked gas (see e.g. Hollenbach & McKee 1989; McCoey et al. 2004) . The observed emissions are compact (1-2 arcsec 2 ), so they are more likely originating from a shock. In such a case, the expected Brγ flux can be estimated as a function of v s and n H (Burton et al. 1989; Fernandes et al. 1997) :
The Brγ line fluxes from Knot 1-IRAS13484-6100 and Knots 4+5-G35.2N, and Knot 4 in IRAS 14212-6131, corrected for visual extinction (see Table A . Combining imaging and spectral analysis, we note that most of the H 2 emission is detected along the flows, tracing the direction of the jet, whereas some emission, observed nearby or on source, likely traces possible outflow cavities. In conclusion, the observed shocked emissions originate from different mechanisms, namely oblique shocks from non-collimated winds (emission from the outflow cavities nearby the source) and magnetically collimated flows (along the jet). Conversely, the atomic emission is always detected along the jet axis. The observed flows move in a dense and highly inhomogeneous medium, as suggested by the range of observed column densities (10 17 -10 20 cm −2 ). Our analysis indicates that, on average, both visual extinction and gas column density are highest towards the source position and decrease along the flow.
Finally, it is worth asking why no relevant fluorescent H 2 emission is detected. Our previous reasoning demonstrates that the absence of strong UV radiation fields towards the observed jets is the main reason. Indeed, the HMYSOs in the sample are relatively young and they mostly lack of strong PDRs or H ii regions in the surroundings. Although some HMYSOs do possess HC-or UC-H ii regions, the high visual extinction possibly screens the UV emission from the central source. Alternatively, in some cases the absence of UV emission might be also abscribed to high accretion rates (>10 −3 M yr −1 ; see e.g. Hosokawa et al. 2010) , which inflate the stellar radii up to several hundreds R , producing lower effective temperatures and stellar UV luminosities.
The morphology of the massive jets
The morphology of the detected flows appear to be quite varied, ranging from a simple straight bipolar geometry to a more complex one, as monopolar, highly precessing and with patchy structures. Such a variety has been detected in many other surveys of H 2 massive flows (see Kumar et al. 2002; Stecklum et al. 2009; Varricatt et al. 2010; Lee et al. 2013) , as well as in many low-mass protostellar jets (see e.g. Reipurth & Bally 2001) . As a matter of fact, many low-mass YSOs are not born as single, isolated stars, nor they form in a relatively still and homogeneous environment. As a consequence, straight symmetric jets from low-mass YSOs, such as HH 212 (Zinnecker et al. 1998) , are not the most common. Indeed, several factors play a fundamental role in shaping the jet/flow morphology: the environment and the dynamical interactions among YSOs; the high medium density and its inhomogeneities; the large extinction values; the different evolutionary stages of the YSOs; the presence of multiple driving sources (see e.g. Eislöffel 2000; Peterson et al. 2011) . These elements are largely present in high-mass star forming regions, which have extremely complex, dynamic, and inhomogeneous environments (see e.g. Zinnecker & Yorke 2007) . In the following, we analyse each mechanism in the context of our observations.
i) Jet precession. HMYSOs preferentially form in clusters or small associations of YSOs. Therefore N-body interactions are likely a fundamental ingredient in the evolution of these objects as well as in shaping their flows. Changes in the flow orientation may be induced by anisotropic accretion from cores or envelopes, or by disc tilting caused by tidal interaction with close companions (Bally & Zinnecker 2005) . This is the case for almost all of our jets (with the possible exception of G316.762-00.012; Appendix B.6), which show large precession angles indicating the presence of multiple systems (see e.g. Figures 2, 3 , B.1 and B.11). Notably, the large precession angles observed in our sample will likely produce poorly collimated outflows, as often observed in HMYSOs. It is worth to emphasise, however, that the mere fact of these jets having large precession, bending or showing abrupt changes in their direction does not mean that, per-se, they are not well collimated, because jets are magnetocentrifugally collimated at their base (see e.g. Pudritz et al. 2007 Pudritz et al. , 2012 . Jets in our sample are well collimated, even if they have large precession angles and, sometimes, a twisted geometry.
ii) Jet multiplicity. In addition to jet precession, jet multiplicity also plays a role in confusing the flow morphology. In four out of fourteen sources of the sample (i.e. IRAS 12405-6219, IRAS 15394-5338, IRAS16122-5047, and G35.2N; see Figures B.2, B.7 , B.9, and 3), or even in five if we include BGPS G014.849-00.992 whose jet multiplicity is uncertain (see Sect. B.12 and Fig. B.12) , double or multiple jets have been clearly detected. Such detections allow us to infer the presence of multiple systems in spatially unresolved sources.
iii) Jet asymmetry. All the observed bipolar jets display some degree of asymmetry in the two lobes, the difference in the lengths of the lobes being the most common. Pairs of ejected knots are not equally spaced from the source (see e.g. Figures 1, 3 , and B.11). It is worth noting that a highly asymmetric jet will likely produce a highly asymmetric outflow. These asymmetries are commonly observed in protostellar jets from YSOs with different masses and at different evolutionary stages (see e.g. Podio et al. 2011; Caratti o Garatti et al. 2013; Ellerbroek et al. 2014 ). The cause of such asymmetry is still debated, and it can be intrinsic or extrinsic to the source (see e.g. Ferreira et al. 2006; Matsakos et al. 2012) . In the former case, the bipolar jet is launched at different velocities, possibly due to the asymmetric disc structure or magnetic field configuration, whereas, in the latter case, the different medium densities produce different velocities.
iv) Monopolar jets/flows. H 2 bipolar emission is detected above a 3σ threshold in eleven out of eighteen flows, whereas the remaining 7 flows are apparently monopolar (see Column 3 of Table 3 ). How-ever, in two out of seven cases (flows from IRAS 14212-6131 and GLIMPSE G035.0393-00.4735; see right panels of Fig. 2 and B.14) a marginal detection (between 2 and 3σ) of H 2 emission from the second lobe is observed. This suggests that the higher visual extinction towards one of the lobes can hamper our observations in the NIR regime. Nevertheless, the presence of monopolar outflows from high-mass (Zapata et al. 2006; Fernández-López et al. 2013 ) as well as lowmass YSOs (Codella et al. 2014 ) has been observed in a few sources through submm outflow tracers, such as SiO and CO. The authors propose that such a monopolar geometry is due to anisotropic ambient cloud conditions or to an intrinsic asymmetry in the flow. In addition, the presence of close companion(s) might divert or even inhibit the ejection (see also Reipurth 2000; Murphy et al. 2008 , and discussion therein). Unfortunately, we do not have any (sub)mm observations of theses flows to verify any of these scenarios. However, the Spitzer/GLIMPSE images show emission in excess at 4.5 µm located at the position of the undetected lobe in four out of seven flows (namely IRAS 13484-6100, IRAS 14212-6131, IRAS 15450-5431, GLIMPSE G035.0393-00.4735). Although the nature of such excess is controversial (e.g. De Buizer & Vacca 2010; Takami et al. 2012) , it has been often associated with outflows (Cyganowski et al. 2008; Tappe et al. 2012) .
Finally, it is worth noting that the observed flows have both extended jet emission and knotty or bow-shock structures, as those detected in low-mass jets. By assuming that these flows originate from discs and that ejection and accretion are tightly related, our observations would imply that the mass accretion rate in HMYSOs is nearly continuous with intermittent accretion outbursts, which might be identified with the observed knots and bow-shocks along the flow (see e.g. Pudritz et al. 2007 ). Such accretion bursts have been observed in low-mass YSOs during almost all their evolutionary stages (Caratti o Garatti et al. 2011; Audard et al. 2014) , and it might be related to disc instabilities and/or dynamical interactions (see e.g. Vorobyov 2009 ). Furthermore, the detection of collimated jets indicates the presence of magnetic fields linked to the star/disc system, which collimates and accelerates the flows (see e.g. Pudritz et al. 2007 Pudritz et al. , 2012 ).
H 2 jets vs. sources
In this section we compare the physical properties derived from the flows with those from their driving sources. Several works discuss the interplay between the evolutionary properties of protostars and the strength of their associated outflows in both lowand high-mass YSOs (Bontemps et al. 1996; Beuther et al. 2002; Duarte-Cabral et al. 2013 ). In particular, Beuther et al. (2002) and Duarte-Cabral et al. (2013) derive a straightforward correlation between the momentum flux of the CO outflows (F CO ) and the bolometric luminosities of HMYSOs (F CO ∝ L 0.6 bol ) as well as a clear relation between the envelope mass and the
then the L bol value is indicative of both accretion rate and mass of the source (being L acc ∼ GM * Ṁacc /R * ). Therefore, the first relationship suggests that mass loss is mainly driven by the accretion power, which grows as the mass of the central source increases. The second correlation provides us with a relationship between the mass accretion rate and the YSO evolution. M env is an age indicator and it is expected to decrease as the source accretes matter. By assuming that the outflow rates are somehow proportional to the accretion rates, the large F CO values found in HMYSOs indicate that their mass accretion rates must also be higher than those found in low-mass YSOs. ). This correlation holds for very young YSOs (Class 0 and some Class I), where the bolometric luminosity is mostly coincident with the accretion luminosity of the object and implies thatṀ acc increases with the luminosity (i.e. mass) of the protostar. Observing several Class I outliers, which have less powerful H 2 jets, the authors also show that the jet power decreases as low-mass YSOs evolve. Indeed, the large H 2 luminosity observed in the flows from HMYSOs suggests that high-mass protostars power the outflows at a significantly increased accretion rate, as also inferred from their higher F CO values. This trend is confirmed in our large sample. In Figure 9 (2008)) agrees well with the relationship found in low-mass YSOs (red dashed line), whereas five objects are clearly positioned below. This produces a slight shift in the HMYSO fit (blue dashed line). Interestingly the five outliers (IRAS 13481-6124, IRAS 14212-6131, IRAS 15450-5431, SSTGLMC G316.7627-00.0115, and G35.2N) are among the most evolved objects in the sample, and they possess an UCH ii region. We might therefore suppose that their luminosity is no longer accretion dominated (see e.g. Smith 2014) . By excluding these five outliers, we get a better agreement (black dash-dotted line) between the relationships found from low and high-mass YSOs.
Most importantly, the inferred relationship (L(H 2 ) ∝ L 0.6 bol ) agrees well with the correlation between the momentum flux of the CO outflows (F CO ) and the bolometric luminosities of HMYSOs (F CO ∝ L 0.6 bol ) from Beuther et al. (2002) . This indicates that outflows from HMYSOs are momentum driven, as their low-mass counterparts (e.g. Reipurth & Bally 2001) , as long as the HMYSO L bol is accretion dominated (i.e. before or slightly after that an UCH ii region is developed).
Several observational studies of massive outflows point to an evolutionary scenario (see e.g. Beuther et al. 2002; Beuther & Shepherd 2005; Shepherd 2005) , in which molecular outflows appear to loose their collimation as HMYSOs evolve from B to O spectral types. During the early B-type stage, the accreting HMYSOs drive collimated outflows, growing further in mass and luminosity, they develop UCH ii regions in the late O-type stage, and collimated jets and less collimated winds can coexist producing bipolar outflows with a lower degree of collimation. Our results show that the HMYSOs in our sample drive collimated, time-variable and highly precessing jets (e.g. Reipurth & Bally 2001) . Indeed if the massive jets power their CO outflows (see also Davis et al. 2004 Davis et al. , 2007 Arce et al. 2007 ; Caratti o Garatti et al. 2008) , then the combined action of jet orientation variations and velocity variations may also produce poorly collimated molecular outflows.
Finally, we compare the inferred mass of the H 2 jets (M(H 2 )) with the bolometric luminosities of their driving sources (see Fig 10; the red circles represent the five UCH ii candidates, i.e. the five HMYSO outliers of Figure 9 ). In principle, M(H 2 ) should be related to the mass of the driving source, and this can be tested through the M(H 2 )-L bol relationship. Despite the large scattering, M(H 2 ) increases with the L bol of the source, indicating that the more massive is the source the more massive is the jet. Figure 10 shows the best fit for the whole sample (red dashed line) and for a smaller sample, which does not include the five UCH ii candidates (blue dashed line). By excluding the five outliers, the Pearson's coefficient increases from 0.7 to 0.9. By fitting the whole sample, we obtain the same correlation as before, namely M(H 2 ) ∝ L 0.6 bol , whereas from the reduced sample we get M(H 2 ) ∝ L 0.5 bol , and the uncertainty on the exponent varies from ∼40% to ∼30%, respectively.
Comparing jets from low-to high-mass YSOs
Although we cannot infer the dynamical and kinematic properties of the jets, that will be analysed in a forthcoming paper, we can here provide a consistent comparison between the physical properties of jets from low-mass (L bol ∼0.1 L ) to high-mass YSOs (L bol ∼10 5 L ) by combining results from this and previous works (Caratti o Garatti et al. 2006 .
As their low-mass counterparts, intermediate and high-mass YSOs possess collimated jets traced by line emission from shocked regions. High-mass jet tracers in the NIR are those observed in low-mass jets: H 2 , the major coolant, and [Fe ii]. At variance with low-mass protostellar jets, shocked Brγ emission is also detected in a few knots, indicating that here shocks can be much more powerful. In general, the physical processes, that produce such shocks, are similar, but they mostly take place in a more dense, embedded and inhomogeneous medium, therefore the environmental conditions may differ. As a result, the physical quantities derived from this study are greater than those found in low-mass objects: higher A V (10-100 mag), N(H 2 ) (10 18 -10 20 cm −2 ), T H 2 (2500-3000 K), as well as larger L H 2 (10-50 L ), and M(H 2 ) (1-5 M ). These two latter quantities are strictly related to the properties of the driving source, namely higher ejection rates and more massive flows, most likely linked to the higher accretion rates of the HMYSOs. At variance with their low-mass counterparts, high-mass jets have more pronounced precession angles (up to 60
• ) and more confused morphologies, likely indicative of the crowded environment in which they are born. However, their outflows seem to be momentum driven as their low-mass counterparts, at least in their early evolutionary stage. Future observations at higher angular resolution and at longer wavelengths might prove the extent to which such dynamical interactions affect the jet/flow ejection.
To summarise, our analysis confirms the conclusions previously drawn from a limited sample of three jets from B-type stars (Davis et al. 2004; Gredel 2006; Caratti o Garatti et al. 2008) , extending them to a larger sample with HMYSO L bol up to ∼10 5 L : the observed high-mass protostellar jets are scaled up versions of those from low-mass protostars, albeit with some differences.
Conclusions
We present a NIR imaging (H 2 and K s ) and low-resolution spectroscopic (0.95-2.50 µm) survey of 18 massive jets towards EGOs, observed towards the fields of 14 intermediate-and highmass YSOs, which have L bol between 4×10 2 and 1.3×10 5 L .
We study the morphology of these flows, deriving their physical parameters, and we compare them with the main properties of the exciting sources, by means of literature data. The physical properties of these massive jets are also examined in comparison to their low-mass counterparts. The main results of this work are the following:
-As in low-mass jets, H 2 is the primary NIR coolant, detected in all the analysed knots. The most important ionic tracer is [Fe ii], detected in 50% of the jets and ∼30% of the analysed knots. The majority of these knots originate from the most luminous YSOs, which likely drive the most powerful outflows of the sample. Brγ emission is detected in ∼5% of the knots and it originates from shocks. -Our analysis indicates that the observed emission lines originate from shocks at high temperatures and densities. No fluorescent emission is detected along the flows, independently of the source bolometric luminosity. -On average, the physical parameters of these massive jets are greater than those measured in low-mass YSOs. We measure a high visual extinction towards these jets with values up to 50 mag. The excitation conditions of the jets indicate high H 2 column densities up to 10 20 cm −2 (1 to 4 orders of magnitude higher than the values observed in low-mass jets). On average, the temperatures traced by the rovibrational lines (v=1-3) in the H and K bands are higher (∼2500 K) than those typically inferred in low-mass jets (∼2000 K). Inferred masses of high-mass knots are much larger than in low-mass YSOs, with values up to a few solar masses for the more massive YSOs. -The morphology of the detected H 2 flows is heterogeneous, ranging from a simple straight bipolar geometry to a more complex one, which includes monopolar flows, highly precessing jets with patchy structures, and asymmetric lobes. Apart from the observational bias caused by the high visual extinction, such a variety depends on the complex, dynamic, and inhomogeneous environment in which these massive jets form and propagate. -All flows and jets of our sample are collimated, indicating a disc origin. Additionally, the presence of both knots and jets might indicate that ejection is both continuous with intermittent bursts. By assuming that accretion and ejection are tightly related, this would imply that mass accretion in intermediate-and high-mass YSOs is nearly continuous with intermittent accretion outbursts, as in low-mass YSOs. -We compare the measured flow H 2 luminosity (the jet power) with the source bolometric luminosity (assumed representative of the accretion luminosity), confirming the tight correlation between these two quantities, already found in lowmass protostellar jets (Caratti o Garatti et al. 2006 ) and in the HMYSO IRAS 20126+4104 (Caratti o Garatti et al. 2008) . Five sources, however, display a lower L H 2 /L bol efficiency, less than one order of magnitude. We interpret this behaviour in terms of YSO evolution, i.e. their luminosity is no longer accretion dominated. Most important, the inferred relationship (L(H 2 ) ∝ L 0.6 bol ) agrees well with the correlation between the momentum flux of the CO outflows (F CO ) and the bolometric luminosities of HMYSOs (F CO ∝ L 0.6 bol ) from Beuther et al. (2002) . This indicates that outflows from HMYSOs are momentum driven, as their low-mass counterparts.
-We also derive a less stringent correlation between the inferred mass of the H 2 flows and the YSO bolometric luminosity, suggesting that the mass of the flow depends on the driving source mass.
In conclusion, by comparing the physical properties of jets in the NIR, a continuity from low-to high-mass jets is identified. Massive jets appear as a scaled-up version of their lowmass counterparts in terms of their physical parameters and their origin. However, there are consistent differences, as a more variegated morphology likely due to the environment, as well as stronger shock conditions possibly due to more powerful sources.
A&A-Massive_Jets_paper_astroph, Online Material p 17 (Walsh et al. 1997; Henning et al. 2000; Lumsden et al. 2013) , depending on the adopted distance (3.8-5.8 kpc). According to these estimates, the source spectral type ranges from B0.5 (Henning et al. 2000) to O8.5 (Walsh et al. 1997 ). Both CH 3 OH (at 6.67 GHz) and OH maser (at 1.665 GHz) emissions are detected towards the source (Walsh et al. 2001) . Although reported in the SIMBAD database, it is not clear whether or not UCH ii emission is associated with this source. Walsh et al. (2001) do not detect any UCH ii region above 1 mJy at 8.64 GHz. Close to the HMYSO, Cyganowski et al. (2008) observed EGO emission (EGO G298.26+0.74), which was interpreted as scattered emission from the continuum ). Indeed, our image (Fig. B.1) does not show any H 2 emission at the EGO position. Outflow emission from CO (2-1) and CS (2-1) has been reported (Osterloh et al. 1997; Henning et al. 2000) . In our image, the H 2 jet is well collimated, but, possibly due to the presence of a multiple system, it shows a large precession angle (∼30
• ). This can be easily inferred by comparing the current P.A. of the jet emerging from the source (P.A.∼10
• ) with the P.A. of the most distant knot (Knot 4, P.A.∼-20
• ). This explains why the observed CO outflow (Henning et al. 2000 ) has a very small collimation factor (R c =2.53; see Wu et al. 2004) . The H 2 knots are located within the CO bipolar outflow (see Fig. 1 in Henning et al. 2000) , which shows spatially separated red and blue lobes, located SSE and NNW of the source. Knots 1, 2, 3, 4 delineate the blue lobe, whereas knots 5, and 6 are located in the red lobe (see Fig. B.1) . Only H 2 emission lines are detected in our spectra (Table B .1). Our slit encompasses the source position as well, where just a faint rising continuum emission is detected.
Appendix B.2: IRAS12405-6219
Originally identified as a planetary nebula candidate from its colours (van de Steene & Pottasch 1993) , it has been later recognised as an HMYSO candidate, coincident with an UCH ii region in the RMS catalogue , which reports L bol =3.6×10
4 L at a distance of 4.4 kpc. Location of the object agrees with the position of the NIR source 2MASSJ12433151-6236135 and that of its MIR counterpart MSX G302.0213+00.2542. NIR and MIR colours indicate that this is a young and embedded object. H 2 O maser emission near the source position has been reported by Suárez et al. (2009) .
Our H 2 image (Fig. B. 2) shows the presence of several knots: knots 1, 2, 3 and 4 are located south of the source, whereas two other knots (A and B) are aligned with the source position towards WSW. We interpret such a geometry as a combination of two distinct flows: the first flow (knots 1, 2, 3 and 4) is precessing southwards, with a P.A. ranging ∼170
• -184
• , whereas the second flow (knots A and B) is straight with a P.A. of ∼236
• . There is no clear detection of the two opposite lobes, likely the red-shifted ones. Our spectra of knots 1 and 2 show only H 2 emission, and that on the source shows a steeply rising continuum with a bright Brγ line in emission (Table B. 2).
Appendix B.3: IRAS 13481-6124
Located at a distance of 3.1 kpc , IRAS 13481-6124, spatially coincident with the NIR source 2MASS J13513785-6139075 (see also Fig 1) , was recognised as an HMYSO candidate by Chan et al. (1996) , and then confirmed through the SED modelling by Grave & Kumar (2009) , who obtained a stellar mass of ∼20 M , O9 spectral type and 6×10 4 yr age. VLTI interferometric observations (Kraus et al. 2010) show the presence of a compact dusty disc with a large CO molecular outflow, driven by a parsec-scale H 2 jet (Stecklum et al. 2012) . Our continuum subtracted H 2 image (Fig. 1) shows a precessing jet (precession angle ∼8
• ) extending ∼6.9 pc. The current P.A. of the jet is ∼206
• . The red lobe is located NE of the source and it is about 1.3 times more extended than the blue lobe. Both lobes display the same number of knots, whose distances from the source are always roughly 1.3 times larger in the red-shifted lobe of the flow, likely indicating that the red-shifted jet is moving in a less dense medium. Two large bow-shocks (A and B) are located at the apex of both lobes, whereas the remaining H 2 emanations, from C to G in both lobes, have a knotty and jetlike geometry. As evinced from our analysis, visual extinction increases along the jet towards the source position, from A V =1 to ∼13 mag, whereas both T (H 2 ) and N(H 2 ) (i.e. temperature and A&A-Massive_Jets_paper_astroph, Online Material p 18 Coordinates and H 2 (2.122µm) fluxes, and physical parameters of the knots detected along the investigated flows. column density of the shocked excited H 2 gas). decrease (see Table A .1 and Sect. 4.3.1). As pointed out in Sect. 4.3.1, H 2 fluorescent emission is confined within few arcseconds from the source (Stecklum et al. 2012) and the H 2 emission along the jet is strictly thermalised, suggesting that the circumstellar material around the source screens its FUV emission. Our spectra indicate that H 2 emission is present in all knots, whereas [Fe ii] emission is detected only in the red-shifted bow-shocks (see Table B .3).
Apart form those knots belonging to the parsec-scale collimated jet, we detect more H 2 knots in our continuum-subtracted H 2 image. These may belong to other flows emanating from the source position (i.e. IRAS 13481-6124 might be then a multiple system) or they might come from other YSOs. In particular, among the several H 2 emanations, two knots (X and Y, see Fig. 1 ) are detected above a 3σ threshold and located beyond the extended nebulosity surrounding the source. Knot X, located SSE of the source, has a bow-shock shape, whose orientation might trace back to the source position. Knot Y is located NW of the source and it does not have a definite shape, therefore no definite direction is recognisable. There are no bright YSOs nearby the IRAS source, with the exception of two faint YSO candidates (about 52 E and 55 NW of the IRAS position), which are barely detected at 24 µm and at longer wavelengths in the Spitzer/MIPS and Herschel images. Knots X and Y might be then driven by these sources.
Our low resolution spectroscopy on the source (Fig. 1) shows many H i lines from both Paschen and Brackett series. Unfortunately, because the spectral emission in the K band is completely saturated by the source continuum, we cannot detect the Brγ emission on the source, even though it was previously detected A&A-Massive_Jets_paper_astroph, Online Material p 20 through low-resolution spectroscopy (Beck et al. 1991) , and at higher spectral and spatial resolution with SINFONI (Stecklum et al. 2012) . The spectro-astrometric analysis from these data indicates that the Brγ line is spatially extended with its position angle agreeing with that of the jet. These observations as well as the detection of a collimated parsec-scale jet suggest that the source is still accreting and its disc is not just a passive disc, as proposed by Kraus et al. (2010) . IRAS 13481-6124 is among the most evolved and massive objects in our sample, but possesses a powerful and collimated jet. Indeed, given the age estimate of this source (6×10 4 yr; Grave & Kumar 2009 ), this might seem a real conundrum. In principle, the source should be evolved enough and had already developed an UCH ii region (see e.g. Zinnecker & Yorke 2007; Tan & McKee 2003) . However, there are no observations of any UCH ii region around it, and ATCA observations at 3 and 6 cm do not show any radio emission down to 0.48 mJy and 1 mJy, respectively (Urquhart et al. 2007a) . Moreover, by analysing the luminosity-to-mass ratio of IRAS 13481-6124 and other HMYSOs, Beltrán et al. (2006) conclude that their HMYSOs are in a pre-ultracompact H ii phase. In conclusion, IRAS 13481-6124 might not be as old as the age estimate suggests.
A&A-Massive_Jets_paper_astroph, Online Material p 21 IRAS 13484-6100 is a compact GLIMPSE source (G310.1437+00.7598) with a cometary-like H ii emission, and it is located at a distance of ∼5.5 kpc. CS emission (Bronfman et al. 1996) , OH (Caswell 1998) , CH 3 OH (Green et al. 2012 ) and H 2 O (Urquhart et al. 2009 ) masers are detected on the source and in its surroundings. Faúndez et al. (2004) detected the continuum emission from the source at 1.2 mm, and estimated L bol =7.1×10 4 L and M c =1.1×10 3 M from SED analysis. On the other hand, the RMS catalogue provides two different L bol values of ∼5×10 3 L and 4.3×10 4 L for the HMYSO and the H ii region, respectively. A bipolar EGO emission (EGO G310.15+0.76) is detected by Cyganowski et al. (2008) , located ∼16 NE of the source position. Figure B .3 shows our H 2 and continuum-subtracted H 2 images of IRAS 13484-6100, and Table B .4 lists the emission lines detected in the spectra. In our continuum-subtracted H 2 image (Fig. B.3 ) the EGO emission partially overlaps with Knot 1, located at a P.A. of ∼53
Moreover
• with respect to the source. A second knot (Knot 2) is observed ∼4 SW of Knot 1. From our images it is not clear whether or not these emissions belong to the same flow. Radio continuum emission at 6 cm is detected towards the Knot 1 position (Urquhart et al. 2007a) . Apart from H 2 emission, our spectra reveal strong [Fe ii] lines in both knots as well as towards the source position, which shows a faint raising continuum. Brγ emission from a dissociative shock (see Sect. 5.1) is also detected in Knot 1 (see Table B .4).
Appendix B.5: IRAS 14212-6131
Spitzer GLIMPSE images reveal the presence of three IR sources in this region (see Fig. 2 and discussion in Sect. 4.1). The most embedded source (G313.7654-00.8620; α(J2000)=14:25:01.53, δ(J2000)=-61:44:57.7) is not detected in the NIR and its position agrees with that of the millimetric continuum emission observed by Faúndez et al. (2004) . The IRAS position is displaced ∼15 westwards of the G313.7654-00.8620 position. The other two sources are visible at NIR wavelengths (2MASSJ14245631-6144472 and 2MASSJ14245547-6145227) and they are positioned ∼38 WNW and ∼40 SW of the main source, respectively. The location of the OH maser emission detected by Caswell (1998) 4 L . G313.7654-00.8620 drives the main flow of the region. CS (Bronfman et al. 1996) and CO (Urquhart et al. 2007b ) emissions have been detected close to the source. H 2 emission was first observed by De Buizer (2003) . Four CH 3 OH maser spots are aligned along the flow (Walsh et al. 1997) . EGO emission (EGO G313.76-0.86; Cyganowski et al. 2008) lies westwards of the source. Our continuum-subtracted H 2 image (Fig. 2, right) shows four knots (1-4; suggesting an outflow with a precession angle of ∼32
• ) driven by the central source G313.7654-00.8620. These knots are located westwards of the source, depicting the blue-shifted lobe as our ISAAC/VLT high resolution spectra indicate (Caratti o Garatti et al. in preparation) . From the position of Knot 1 we infer that the current P.A. of the jet is ∼305
• . A faint H 2 emission, with signal-to-noise ratio below 3σ, appears eastwards of the source, likely depicting the red-shifted jet. As for other sources in our sample, the The location of Caswell OH 322.158+00.636 agrees with that of the MIR source MSX G322.1587+00.6256; no NIR counterpart is detected in the 2MASS catalogue. The object is located in a very complex region, dominated at NIR wavelengths by a large nebulosity, possibly illuminated by two bright massive stars (Moisés et al. 2011) . OH and CH 3 OH masers are detected towards the source position (Caswell 1998 ; Urquhart A&A-Massive_Jets_paper_astroph, Online Material p 23 
Notes. * S/N between 2 and 3. * * YSO = IRAS 13484-6100. Notes. These data are used in the SED analysis shown in Fig. B .5. et al. 2013 ). In the Spitzer GLIMPSE images the source is saturated at both 24 µm and 70 µm, whereas its emission is below the linearity limit in the Herschel PACS images. A second fainter IR object, MSX5C G322.1587+00.6262, is positioned about 35 SE of the source. In our continuum-subtracted H 2 image (see Fig. B .6) we detect a bright knot (Knot 1) ∼5   Fig. B .5. Spectral energy distribution (SED) of SSTGLMC G316.7627-00.0115 constructed with all photometric data available from the literature, namely from 3.6 µm to 870 µm, and assuming a distance of 2.8 kpc to the source (Ragan et al. 2012 to emanate from MSX G322.1587+00.6256, but more likely from MSX5C G322.1587+00.6262. The retrieved photometry of MSX G322.1587+00.6256 is reported in Table B .9. By assuming a distance of 4.3 kpc , our SED analysis (see Fig. 4 ) provides us with an L bol of ∼1.3×10 5 L , roughly corresponding to an O7 ZAMS star with a mass of ∼30 M . Therefore this object is the most luminous and massive of our sample.
Appendix B.8: IRAS 15394-5358
IRAS 15394-5358 is part of a small cluster of YSOs, where CO (Urquhart et al. 2007b ) and CS (Bronfman et al. 1996) emissions as well as CH 3 OH (Caswell 1998 ) and H 2 O (Scalise et al. 1989 ) masers are observed. Faúndez et al. (2004) detected continuum emission at 1.2 mm. By assuming a distance of 2.8 kpc, they obtained L bol =1.5×10 4 L and M c =8×10 3 M from the SED analysis. On the other hand, Lumsden et al. (2013) reported a distance of 1.8 kpc and derived L bol =4×10 3 L .
Our continuum-subtracted H 2 image (Fig. B.7) shows two bright jets emanating from IRAS 15394-5358, that is surrounded by an extended nebulosity. There is a relatively bright NIR source at the centre of the nebula (2MASSJ15431897-5407356), and an H ii region is located 15 eastwards (Bronfman et al. 1996) . In the K band image, we detect a very faint source (α=15:43:18.945, δ=-54:07:37.84, J2000, not detected in 2MASS) ∼2 southwards of 2MASSJ15431897-5407356. This might be the second component of the binary system that A&A-Massive_Jets_paper_astroph, Online Material p 25 .4735 constructed with all photometric data available from the literature, namely from 3.6 µm to 1.1 mm, and assuming a distance of 2.5 kpc to the source (Lim et al. 2012) .
small cluster (Sánchez-Monge et al. 2013) . A 0.2 pc interstellar disc-like structure was detected in H 13 CO + , H 13 CN and millimetre continuum emission (Dent et al. 1985; Gibb et al. 2003; Sánchez-Monge et al. 2013) . At least three separate cores, namely G35.2N (A and B) and [GHL2003] G35MM2 (hereafter G35MM2), are clearly detected with ALMA high angular observations (see Fig. 2 Estimates of the observed bolometric luminosity are between 3.1×10 4 and 3.3×10 4 L Zhang et al. 2013) . However, Zhang et al. (2013) provide a more complex SED modelling, which takes into account both the foreground extinction and the so called flash-light effect, i.e. the loss of photons through the outflow cavities. Their L bol estimate ranges between 7×10 4 and 2.2×10 5 L , consistent with a single star of 20-30 M . Such values, however, are in contrast with the momentum flux measured from the CO outflow, that is more than one order of magnitude smaller than expected from such a luminous object (Zhang et al. 2013) . Sánchez-Monge et al. (2013) argue that a binary system with a total mass of 18 M would better fit the measured bolometric luminosities and outflow momentum flux, as well as it would better explain the jet/outflow axes displacement.
Our images indicate the presence of two main precessing jets (see Figure 3) . The first precessing jet (Knots 1, 2, 3, 4, 5) is launched by G35.2N, most likely from the position of clump B. Our NIR continuum images show a conical emission (P.A.∼9
• , opening angle of ∼45
• ), which is most likely the CO outflow cavity of the blue-shifted lobe of flow I (Gibb et al. 2003; Birks et al. 2006 , see also Fig. 3 and discussion in Sect. 4.1), excavated by the jet. The current jet position angle (close to the source position, YSO emission + Knot 2) is ∼-1
• , i.e. coincident with the MIR and radio jet emission. The jet is then bending and precessing towards NE (knots 3, 4 and 5) with a precession angle of ∼28
• , in agreement with the opening of the outflow cavity. Knot 1 and the emission towards SSW seem to depict the red-shifted lobe of the jet. According to our spectroscopic analysis, the H 2 knots are clearly tracing the jet axis, and not oblique shocks from an expanding shell/outflow as suggested by Lee et al. (2012) , because of their excitation conditions. Most important, [Fe ii] emission is clearly detected along the whole blue-shifted part of this flow, namely in the jet inside the outflow cavity and in Knots 2, 3, 4 and 5. Such emission is produced by strong dissociative shocks and it always traces the axis of the A&A-Massive_Jets_paper_astroph, Online Material p 36 jets Pyo et al. 2006; Shang et al. 2006; Caratti o Garatti et al. 2009 ), therefore it cannot be associated with any outflow cavity or expanding flow (see Table B .19). As in other flows, this jet is highly asymmetric, namely one lobe is more extended than the other (in this case the blue-shifted lobe is ∼2.5 times more extended than the red one).
The second flow is composed of knots 6 and 7, in the redshifted lobe, and knots 8, 9 and 10, in the blue-shifted lobe. This flow has a precession angle of 26
• , and, if we consider the two terminal shocks of the flow (Knot 6 and 10), the flow position angle is ∼45
• . We do not detect emission from any outflow cavity in our images, nor any source emission in the Spitzer GLIMPSE images, indicating that the driving source must be very embedded and young. G35.2N is not a feasible candidate because the opening angle of the outflow cavity does not match with the jet position. On the other hand, G35MM2 position lies very close (∼0 . 7) to the line intersecting the two terminal shocks, therefore it is the best driving source candidate. However, given the large precession angle of the jet and the lack of H 2 emission close to the launching region, we cannot exclude other embedded sources as possible candidates.
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